Substance use such as tobacco is common during the adolescent stage of development.
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The 7 factors then load into 3 indexes: the Behavior Regulation Index (BRI; Inhibition and SelfMonitor), the Emotion Regulation Index (ERI; Behavioral Shift and Emotional Control), and the Cognitive Regulation Index (CRI; Task Completion, Working Memory, Planning/Organization); the summary of these three indexes forms the Global Executive Composite score (GEC). Furthermore, the survey uses two validity scales, such as an inconsistency scale comparing the answers to 10 questions to confirm the participant responded consistently; and a 10-item negativity scale that determined if the participant was abnormally critical of their behaviors.
Raw scores were used to calculate t-scores, with scores below 59 considered normal, 60 to 64 mildly elevated, 65 to 69 potentially clinically elevated, and 70 or above considered clinically elevated.
Subjects with invalid and missing responses (n = 36) were excluded from all analyses.
Parental Warmth, Monitoring, Knowledge, Control & Relationship Scale
The Parental Warmth, Monitoring, Knowledge, Control & Relationship Scale (Parental Relationship Scale), adapted from Stattin & Kerr (2000) , is a 26-item self-report scale filled out by the adolescent and is used to determine their relationship with their parents; this measure was taken from wave 1. The survey measures five factors including: Parental Support, Monitoring "Attempted", Monitoring "Actual", Decision Influence, and Communication.
Parental support (6 items): "I can count on my father/mother to help me out, if I have some kind
of problem" allowing the participants to respond with 4 "always", 3 "usually", 2 "sometimes, or 1 "never".
Parental decision influence (6 items): "How do you make the following decision: Which friends I spend time with" How do you make the following decision: Whether or not I can drink alcohol", was EXECUTIVE FUNCTIONS, RELATIONSHIPS, AND CIGARETTES
reported on a scale of 1-5 including: 1 "I decide this without discussing it with my parents", 2 "I make the final decision after discussing it with my parents", 3 "my parents and I decide together", 4 "my parents make the final decision after discussing it with me", and 5 "my parents decide for me" .
Parental communication (4 items): "Do your parent(s) know who you are with when you are away from home", "when you are out, do your parent(s) know what time you will be back" was assessed on a scale of 1-3 including: 3 "almost always," 2 "sometimes", and 1 "almost never".
Parental monitoring was broken down into two separate inventories consisting of "attempted parental monitoring" or how well parents attempted or "tried" to monitor their children and "actual parental monitoring" or how well parents actually or "really" monitor their children. The inventories asked for each question how the parent(s) either try or actually monitor an adolescent's decision.
Attempted Parental Monitoring: (5 items): "What you do with your free time," "who your friends are" allowing the subjects to respond with, 1 "don't try to know", 2 "sometimes try to know", and 3 "try a lot to know". Actual Parental Monitoring (5 items): "what you do with your free time", "who your friends are" was assessed on a scale of 1-3 incldung: 3 "always really know", "sometimes really know", and "Don't really know".
Neighborhood Access to Substances Questionnaire -Adolescent
The Neighborhood Access to Substances Questionnaire (Adolescent Version; Komro, Maldonado-Molina, Tobler, Bonds, & Muller, 2007; Tobler, Komro, & Maldonado-Molina, 2009 ) is a 17-item measure filled out by the adolescent and is used to gauge how difficult it would be to acquire substances in their household, neighborhood, or from anywhere; this measure was taken at wave 3. The survey asked for each question "how easy would it be to get drugs from…" and provided prompts such EXECUTIVE FUNCTIONS, RELATIONSHIPS, AND CIGARETTES as "a place in your neighborhood", "your home", or "anywhere." The participants could respond with 1 "very difficult", 2 "fairly difficult, 3 "fairly easy," "4 "very easy", 5 "don't know".
Customary Drinking and Drug Use Record
The Customary Drinking and Drug Use Record (CDDR) was used to record cigarette use in the past 365 days (Brown et al., 1998) ; this measure was taken at wave 3. This study used CDDR question #5 "how many cigarettes have you smoked in the last year, so out of 365 days" to assess both binary and total cigarettes used in the past year. To help the subject recall the number of cigarettes they smoked in the past year, the interviewer would issue prompts such as "on average how many cigarettes have you EXECUTIVE FUNCTIONS, RELATIONSHIPS, AND CIGARETTES dysfunction. BRIEF-2 GEC was found to be significantly correlated with Parental Relationship Scale's indexes including: Support r(504) = -0.278 p < 0.001, Monitoring "Attempted" r(504) = -0.129, p < 0.001, Monitoring "Actual" r(504)= -0.233, p < 0.001, and Communication r(504) = 0.199, p < 0.001.
Parental Relationship Scale Description and Demographic Characteristics
For subjects with valid Parental Relationship Scale data, the mean of the raw scores was (M = Total cigarettes smoked in the past year was found to not be significantly correlated with BRIEF-2 GEC, age, access to drugs, race, and ethnicity. Distant parental relationships were found to be significantly associated with total cigarettes smoked in the past year r(504) = -0.156, p < 0.001. Race was removed as a covariate as it did not significantly correlate with any other variables in the model.
Multivariate Longitudinal Mediation Analysis

Model 1
A multivariate longitudinal mediation analysis with a binary outcome variable (cigarette use) was used to test model 1 (see figure 3 ) consisting of wave 1 parental relationship, predicting wave 3 binary cigarette use, mediated by wave 1 global executive composite (βindirect = -0.01, CI: -0.02, -0.003; βdirect = -0.05, p = 0.007, total effect: -0.06). All paths in the model were found to be significant EXECUTIVE FUNCTIONS, RELATIONSHIPS, AND CIGARETTES suggesting partial mediation has occurred (see table 5 ). The parental relationship model (see table 3) was found to account for (22%) of the variance in BRIEF-2 GEC (parental relationships predicting executive functions; β = -0.23, p < 0.001). In the binary cigarette use model (see table 5 table 4 ) was found to account for (37%) of the variance in parental relationships (executive functions predicting parental relationships; β = -0.15, p < 0.001). Therefore, all logistic regression paths in the model were found to be significant with the same coefficients and significance also suggesting partial mediation has occurred in this model.
Total Cigarettes Smoked in the Past 365 Days
In both models 1 and 2, binary cigarette use was replaced with the total amount of cigarettes smoked in the past year. The total cigarette use model (see table 6) was found to account for (19%) of the variance in the total number of cigarettes smoked in the past 365 days. BRIEF-2 GEC did not predict total cigarettes used in the past year (β = 0.52, p = 0.651). Parental relationships (β = -5.27, p < 0.001) and age (β = -14.38, p = 0.04) were found to predict total cigarettes used in the past year. Access to EXECUTIVE FUNCTIONS, RELATIONSHIPS, AND CIGARETTES development (Stice, Barrera, & Chassin, 1993) . The relationship between executive functions and parental relationships may be quadratic rather than linear; future studies should explore this interaction further.
The implications of a quadratic relationship would suggest that increasing the proximity of the parental relationship would provide the best outcome for adolescents who have already elected to consume cigarettes rather than those who are not smoking. If the parent(s) have a healthy relationship with their child, the relationship will likely transfer better role modeling and thus reduce externalizing (Stice, Barrera, & Chassin, 1993) Studies have also found a correlation between social economic status and executive functioning in adolescents (Hackman et al., 2015) . Early disparities associated with accumulated stressors from a family's social economic status are likely to impact a child's development trajectory. Persisting disparities related to social economic status explained by characteristics of the home and family environment may be a potential source of the significance in the relationship between executive functions and social economic status (Hackman et al., 2015) . While this study sought to investigate the direct effects of parental relationships on executive functioning and cigarette use, future studies should explore the interaction of social economic status further.
Distant parental relationships were found to predict the number of cigarettes adolescents chose to smoke. Although, contrary to this study's hypothesis, executive dysfunction does not have the same influence. Attributes of executive dysfunction, including a lack of behavioral and emotional regulation, EXECUTIVE FUNCTIONS, RELATIONSHIPS, AND CIGARETTES influence externalizing and internalizing characteristics which are known to be associated with the early onset of substance use (Tarter et al., 2003) . However, the results in this study suggest, once an adolescent makes an executive choice to smoke cigarettes, other factors embedded into parental relationships such as monitoring, communication, and decision influence are significantly associated with the number of cigarettes they consume. Executive functions were also found to have a significant indirect influence on the total number of cigarettes smoked, through the mediation of parental relationships.
Whether or not an adolescent chooses to smoke, distance in the child-parent relationship has been found to increase with age (Keijsers & Poulin, 2013) . This provides a possible explanation as to why parental relationships were significantly associated with cigarette use. Age and sex have been found to be even greater predictors of cigarette use compared to distant parental relationships and executive dysfunction. Based on this finding, it is possible that even though executive functions and parental relationships both act as partial mediators in this relationship, the modest reduction in the relationship between parental relationships, executive functions, and cigarette use suggests the mediation hypotheses may not truly be supported.
Although not originally hypothesized in our model, we observed significant differences in the probability of smoking cigarettes between sexes. Average males were twice as likely to smoke cigarettes compared to average females, which was consistent with prior research (Becker & Hu, 2008) . This effect remained constant while considering age, parental relationships, and executive functions.
To explain this interaction, it is likely that sex differences such as observed in this study, are not influenced solely by biology or sociocultural factors, instead they represent interactions among biological, environmental, developmental, and sociocultural elements (Becker, McClellan, & Reed, 24 EXECUTIVE FUNCTIONS, RELATIONSHIPS, AND CIGARETTES 2017) . Sex differences may not represent vulnerability to use but rather reflect differences in opportunities to use cigarettes (Becker & Hu, 2008) . However, future studies should explore the mechanisms of this interaction further.
The results from this study provides insight into some of the underlying mechanisms that predict cigarette use in adolescents. The implications of these results provide a framework to base targeted preventative interventions for cigarette use in adolescent populations. Preventative treatment interventions should consider social economic status and aim to close the distance in a child-parental relationship, by improving levels of parental support, actual monitoring, decision influence, and communication, which is also effective at reducing internalizing and externalizing behaviors associated with executive dysfunction and substance use.
Adolescents who express characteristics of executive dysfunction, especially those who are closer to 18 years old and have a distant parental relationship, should be a targeted population in these preventative interventions. Therapeutic interventions designed to decrease the distance in a parentchild's relationship would likely be more effective in preventing or reducing cigarette use compared to interventions designed to improve an adolescent's executive functioning.
These concepts could be applied to preventing an adolescent's initial cigarette use or to prevent or reduce further cigarette use. The successful outcome of treatments that target these underlying mechanisms may reduce the number of adolescents who continue to smoke into adulthood and thus prevent significant health complications associated with long term cigarette use. EXECUTIVE FUNCTIONS, RELATIONSHIPS, AND CIGARETTES Notes: Coefficients obtained from model 1 were used to construct odds ratios for an average profile in the model. The odds ratios were then converted to probability and thus a percentage for each interaction. access to drugs were covariates in these models. Notes: A logistics regression analysis was used to code the binary variable cigarette use in the past 365 days (0 "no cigarette use in the past 365", 1 "cigarette use in the past 365"). The results are expressed in log-odds metric. Age, sex, and access to drugs were covariates in this model. Parental Monitoring "Try"
Tables
EXECUTIVE FUNCTIONS, RELATIONSHIPS, AND CIGARETTES
Exploratory Factor Analysis
.560
Parental Monitoring "Acutal"
.756
Parental Decision Influence
.463
Parental Communication
Behavior Regulation Index
Cognitive Regulation Index
.907
Emotion Regulation Index
.864
Structure Matrix
Factor 
EXECUTIVE FUNCTIONS, RELATIONSHIPS, AND CIGARETTES
Confirmatory Factor Analysis
EXECUTIVE FUNCTIONS, RELATIONSHIPS, AND CIGARETTES
Model 1
Figure 3: A multivariate longitudinal mediation model for the latent variable parental relationships (wave 1) from the Parental Relationship Scale, predicting binary cigarette use (wave 3) from the CDDR, mediated by the latent variable global executive composite (wave 1) from the BRIEF-2 GEC. All regression paths were found to be significant at the p < 0.01 level of confidence.
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Model 2
Figure 4: A multivariate longitudinal mediation model for the latent variable global executive composite (wave 1) from the BRIEF-2 GEC, predicting binary cigarette use (wave 3) from the CDDR, mediated by the latent variable parental relationships (wave 1) from the Parental Relationship Scale. All regression paths were found to be significant at the p < 0.01 level of confidence.
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Observed Differences in Executive Functions and Parental Relationships Between Cigarette and Non-Cigarette Smokers
Figure 5: Higher BRIEF-2 GEC (associated with executive dysfunction) and a lower parental relationship score (associated with a distant parental relationship) was significantly associated with cigarette use. 
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Comparing Executive Functions Between Cigarette and Non-Cigarette Smokers
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Observed Sex Differences in the Probability of Smoking Cigarettes for Youth Aged 12-18
Figure 8: Coefficients obtained from model 1 were used to construct odds ratios for an average participant in the model. The odds ratios were then converted to probability and used to assess age differences across the sample population between males and females.
